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DETAILED ACTION 

Claims 1-31 are pending in this application for examination. Claims 1-9 along with SEQ 
ID NO: 2 are now under consideration. Claims 10-31 remains withdrawn as they are drawn to 
non-elected invention. 

Election/Restrictions 

Applicant's election with traverse of Group I, claims 1-9 along with SEQ ID NO: 2 for 
prosecution in their response dated 27 Feb. 2006 is acknowledged. The traversal is on the 
grounds that the search for all claims (1-31) would not be unduly burdensome. Applicants' 
arguments have been considered, however, Examiner respectfully disagrees and finds them non- 
persuasive. This is because, in the current application a serious search burden exists to search 
non-elected groups II- VIII, as the subject matter in said groups consists of specific isolated 
polynucleotides, genetically modified algae, compositions of algae and bacteria, enzyme assays 
to detect sulfur uptake, anti-sense oligonucleotides and a method of hydrogen gas generation 
using algae, photosynthetic and anaerobic bacteria. Polynucleotides and polypeptides are 
structurally and functionally different products and are subject to separate manufacture and sale. 
The groups have acquired a separate status in the art and separate fields of search as they belong 
to separate class and subclass. The search for polynucleotide and polypeptides are not 
coextensive, would extend to cover all published/pending patent databases, different sequence 
databases and also non-patent literature and analysis of results. All this will result in a serious 
search burden. The searches for the disparate subject matter are not coextensive, as it would 
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involve search of polynucleotide and polypeptide databases, published and pending applications 
and also non-patent literature and search strategy to include all the limitations in all the claims. 

In the previous Office Action, Examiner has already indicated that when applicant elects 
claims directed to the product, and a product claim is subsequently found allowable, withdrawn 
process claims that depend from or otherwise include all the limitation of the allowable product 
claim will be rejoined in accordance with the provisions of M.P.E.P. 821.04. Therefore 
applicants request to examine claims in all the groups at this time is rendered moot. Applicants 
at this time have elected a method and therefore the product claims will NOT be rejoined with 
the elected claims if they are found allowable. 

Pursuant to 35 U.S.C. 121 and 37 CFR 1.141 and 37 CFR 1.143 examiner is required to 
examine one elected polynucleotide or protein sequence, as it is a search burden to examine the 
entire group. Therefore contrary to applicant's argument, Examiner takes the position that 
searching all claims in the same application presents a serious search burden for the above- 
mentioned reasons and the reasons presented in the previous restriction requirement. The 
requirement is still deemed proper and is therefore made FINAL. 

Information Disclosure Statement 
The information disclosure statement (IDS) submitted on 14 Sep. 2004 is in compliance 
with the provisions of 37 CFR 1.97. Accordingly, the examiner is considering the information 
disclosure statement. 
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Drawings 

Drawings submitted on 01/21/2004 along with the application are accepted for 
examination purposes only. 

Specification 

Examiner notes that applicants have not updated the relationship of the instant application 
to its parent application 10/350298 filed on 01/22/2003 that is copending. Examiner urges 
applicants to amend said information by providing the relationship of the instant application with 
that of 10/350298 in response to this office action. 

Sequence Compliance 
The disclosure is objected to because of the following informalities: 
Applicants are required to comply with the sequence rules by inserting the sequence 
identification numbers of all sequences within the claims and /or specification. It is particularly 
noted that figures: 8 A are sequences, but applicants fail to provide the SEQ ID NO: to these 
sequences in the figures. See particularly 37 CFR 1.821(d). 

Claim Objections 

Claims 7-8 are objected to, due to the following informality: The following claims 
contain abbreviations; Claims 7-8 recite the term "CrcpSulP" in the claims. Examiner suggests 
expanding the first recitation of the abbreviations to recite the full forms of what the abbreviation 
stands for. Appropriate correction is required. 
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Claim Rejections: 35 USC § 101 

A rejection based on double patenting of the "same invention" type finds its support in 
the language of .35 U.S.C. 101 which states that "whoever invents or discovers any new and 
useful process ... may obtain a patent therefor ..." (Emphasis added). Thus, the term "same 
invention," in this context, means an invention drawn to identical subject matter. See Miller v. 
Eagle Mfg. Co., 151 U.S. 186 (1894); In re Ockert, 245 F.2d 467, 1 14 USPQ 330 (CCPA 1957); 
and In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970). 

A statutory type (35 U.S.C. 101) double patenting rejection can be overcome by 
canceling or amending the conflicting claims so they are no longer coextensive in scope. The 
filing of a terminal disclaimer cannot overcome a double patenting rejection based upon 35 
U.S.C. 101. 

Claims 1-9 are provisionally rejected under 35 U.S.C. 101 as claiming the same invention 
as that of claims 1-9 of copending Application No. 10/350298. This is a provisional double 
patenting rejection since the conflicting claims have not in fact been patented. 



Claim Rejections: 35 USC § 112 
The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming 
the subject matter which the applicant regards as his invention. 

Claim 1 and claims 2-9 depending therefrom are rejected under 35 U.S.C. 112, second 
paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject 
matter which applicant regards as the invention. Claims 1-2 are rejected for the phrase "...is 
reduced relative to normal wild-type...", as the metes and bounds are not clear. It is not clear to 
the Examiner as to how much of a reduction is encompassed. Without a numerical value attached 
to the amount of reduction of expression the above phrase renders the claim indefinite. The scope 
of the term "is reduced relative to normal" is not clear to the Examiner. 
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Claims 4 and 8 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. Claims 4 and 8 are rejected for the recitation "chosen from", as the 
metes and bounds are not clear. It is improper Markush language; the correct recitation is 
"selected from the group consisting of. Clarification is required. 

Claims 4 and 5 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. Claims 4-5 are rejected for the phrase "...wherein the algae is chosen 
from Rhodobacter sphaeroide . . ." , as the metes and bounds are not clear. It is not clear to the 
Examiner what is encompassed in the claims as Rhodobacter sphaeroide is an anaerobic 
bacterium and a prokaryote and NOT an alga. Clarification is required. 

The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

Claim 1 and claims 2-3, 6-9 depending therefrom are rejected under 35 U.S.C. 112, first 
paragraph, as containing subject matter which was not described in the specification in such a 
way as to reasonably convey to one skilled in the relevant art that the inventor(s), at the time the 
application was filed, had possession of the claimed invention. 
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Claim 1 is directed to method of hydrogen gas generation by culturing algae under 
suitable conditions wherein said alga is green algae artificially engineered to reduced expression 
of sulfate permease gene. 

Claims 1-3, 6-9 are rejected under this section 35 U.S.C. 112 because the claim is 
directed to a method of producing hydrogen gas using a "genus" of algae, that have not been 
disclosed in the invention. No description of identifying characteristics or structural features 
recognizing all of the members in the genus has been provided in the specification for the claim. 
The specification discloses only one species Chlamydomonas reinhardtii that can be used for the 
generation of hydrogen gas. No information regarding all the algae that can be used in method 
for generating hydrogen gas has been provided by the applicants, which would indicate that they 
had possession of the claimed genus of algae, or the use of the contemplated algae in the claim 
for hydrogen gas generation. The specification does not contain any disclosure of the identifying 
characteristics or structural features recognizing 'all algae within the scope of the claimed 
method. The genus of algae to be used for the claimed method is large is a large variable genus 
including many yet to be discovered organisms which are structurally and physiologically 
diverse. The disclosed information is insufficient to put one of skill in the art in possession of the 
attributes and features of all species within the genus for use in the claimed method. Therefore, 
one skilled in the art cannot reasonably conclude that applicant had possession of the claimed 
invention at the time the instant application was filed. Applicant is referred to the revised 
guidelines concerning compliance with the written description requirement of U.S.C. 112, first 
paragraph, published in the Official Gazette and also available at www.uspto.gov. 
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Claim 1 and dependent claims 2-9 are rejected under 35 U.S.C. 112, first paragraph, 
because the specification, while being enabling for a method of hydrogen gas generation by 
culturing genetically modified Chlamydomonas reinhardtii algae or an anaerobic bacterium 
Rhodobacter sphaeroide under suitable conditions, wherein said algae or bacteria has genetically 
modified sulfate permease gene, wherein said gene is CrcpSulP sulfate permease gene modified 
by anti-sense technology to reduce the level of said sulfate permease gene by at least 50%, does 
not reasonably provide enablement for a method of hydrogen gas generation in any algae with 
any sulfate permease gene is being genetically altered by any method. The specification does not 
enable any person skilled in the art to which it pertains, or with which it is most nearly 
connected, to use the invention commensurate in scope with these claims. 

Factors to be considered in determining whether undue experimentation is required are 
summarized in In re Wands (858 F.2d 731, 8 USPQ 2nd 1400 (Fed. Cir. 1988)) as follows: (1) 
the quantity of experimentation necessary, (2) the amount of direction or guidance presented, (3) 
the presence or absence of working examples, (4) the nature of the invention, (5) the state of the 
prior art, (6) the relative skill of those in the art, (7) the predictability or unpredictability of the 
art, and (8) the breadth of the claim(s). 

Claims 1-9 are so broad as to encompass methods of hydrogen gas generation using any 
algae wherein any sulfate permease gene is genetically altered by any method. The scope of the 
claim is not commensurate with the enablement provided by the disclosure with regard to a 
method of hydrogen gas generation that encompasses extremely large number of algae, 
polynucleotides, polypeptides and methods for artificially engineering to reduce the level of any 
sulfate permease gene broadly included in the claim. Since the amino acid sequence of a protein 
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encoded by a polynucleotide determines its structural and functional properties, predictability of 
which changes can be made or successfully employ the correct method to achieve the desired 
reduction in levels of sulfate permease gene activity requires detailed knowledge of the ways in 
which the encoded proteins' structure relates to its function and detailed sequence information 
and also the species of algae i.e., cellular context. However, in this case the disclosure is limited 
to the use of single green alga Chlamydomonas reinhardtii in which CrcpSulP polypeptide 
sequence of SEQ ID NO: 2 encoded by the genomic sequence (polynucleotide) of SEQ ID NO: 1 
is modified by an anti-sense oligonucleotide sequence that hybridizes to a portion of 
polynucleotide encoding the polypeptide sequence of SEQ ID NO: 2. It would require undue 
experimentation of the skilled artisan to make the same in any alga in order to generate hydrogen 
gas. The specification is limited to teaching the method of hydrogen gas generation by 
genetically modifying the expression of SEQ ID NO: 1 which encodes SEQ ID NO: 2, having 
sulfate permease activity specifically in Chlamydomonas reinhardtii, but provides no guidance 
with regard to the making the same in any other algae. It is well known in the art that algae 
comprise a large group of organisms from microscopic to macroscopic with highly different 
kinds of metabolic activity. Applicants have not shown that the method claimed works in all or 
any algae including those that may or may not comprise a sulfate permease. Furthermore, since 
there could be more than one sulfate permeate gene in any given algae, applicants have provided 
no guidance as to which specific sulfate permease need to be targeted. In view of the great 
breadth of the claims, amount of experimentation required to use any or all algae, the claimed 
invention would require undue experimentation. 
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While gene identification and isolation techniques are known, and it is routine in the art 
to screen for organisms to identify homologs and orthologs of sulfate permease gene by 
employing different methods as encompassed by the instant claim, the isolation of specific green 
alga that can be utilized for the generation of hydrogen gas production by the modification of 
sulfate permease gene with a reasonable expectation of success are limited and the result of such 
use is unpredictable, as the alga may not tolerate such a modification and the viability of the 
organism may be affected. 

The specification does not support the broad scope of the claims which encompass a 
method of hydrogen gas generation in any algae with any sulfate permease gene genetically 
altered by any method because the specification does not establish: (A) universal method to 
reduce sulfate permease activity in any algae; (B) a rational and predictable scheme for using any 
or all algae for production of hydrogen gas by reducing the gene activity of any sulfate permease 
in said algae; and (C) the specification provides insufficient guidance as to which of the 
essentially infinite possible choices is likely to be successful. 

Thus, applicants have not provided sufficient guidance to enable one of ordinary skill in 
the art to make and use the claimed invention in a manner reasonably correlated with the scope 
of the claims broadly including any or algae, in which any or all sulfate permease activity is * 
reduced. The scope of the claims must bear a reasonable correlation with the scope of 
enablement (In re Fisher, 166 USPQ 19 24 (CCPA 1970)). Without sufficient guidance, 
determination of algae having the desired biological characteristics is unpredictable and the 
experimentation left to those skilled in the art is unnecessarily, and improperly, extensive and 
undue. See In re Wands 858 F.2d 731, 8 USPQ2nd 1400 (Fed. Cir, 1988). 
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Claim Rejections 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

Claims 1-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over Miura et al., 
(US Patent: 4,532, 210, issued Jul. 30, 1985), Allen et al., (US Patent: 6,696,292 Bl, issued Feb. 
24, 2004) and Ghirardi et al., (TIBTECH Vol.18: 506-511, 2000). Claims 1-8 are directed to a 
method of a method of hydrogen gas generation by culturing algae under suitable conditions, 
wherein sulfate permease expression of the algae is reduced relative to normal wild type, 
wherein said algae is selected from Rhodobacter sphaeroide or Chlamydomonas reinhardtii 
algae, wherein said gene is CrcpSulP sulfate permease gene modified by anti-sense technology 
to reduce the expression level of said sulfate permease gene. 
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First prior art Miura et al., {supra) teaches the method/process for producing hydrogen by 
culturing alga, Chlamydomonas reinhardtii under suitable conditions of illumination and 
microaerobic environment (page 1 Abstract section). However said reference is silent on the use 
of modifying/reducing the levels of sulfate permease gene in an alga. 

Second prior art Allen et al., {supra) teaches the isolation of polynucleotides encoding the 
proteins for sulfate assimilation including sulfate permease gene, construction of a chimeric gene . 
encoding all or a portion of the sulfate assimilation protein in sense or antisense orientation, 
wherein expression of the chimeric gene results in production of altered levels of the sulfate 
assimilation protein in a transformed cell, especially in applications where an altered phenotype 
is desired (page 1 Abstract section; antisense or cosuppression technologies to reduce expression 
of particular genes, line 45-48, column 10, Example 6, expression of chimeric genes in microbial 
cells, column 19 and 20). 

Third prior art Ghirardi et al., {supra) teach the approaches that are being developed for 
algal hydrogen production, especially two-stage photosynthesis and hydrogen gas production in 
green algae. The reference teaches that when Chlamydomonas reinhardtii cultures are grown 
under conditions of anaerobiosis and sulfur deprivation they produce more hydrogen gas (page 
506, column 2, last paragraph; Figure 4 and column 2, page 508). The cited reference states 
"sulfur deprivation might be the key with which to alter the dynamic relationship between 
cellular processes of oxygenic photosynthesis, aerobic respiration, chlororespiration and 
hydrogen photoproduction". Furthermore, the reference also suggests that the combined 
application of selection and breeding by classical genetics and recombinant DNA technology, 
one would be able to increase hydrogen productivity in green algae. 
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Combining the teachings of the above three references, it would have been obvious to 
those skilled in the art at the time of the instant invention to develop a method of hydrogen gas 
generation by modifying or altering the levels of sulfate permease activity in green algae as this 
would result in diminished uptake of sulfur in modified algae, which in turn would stimulate the 
metabolic machinery to produce more hydrogen gas under suitable conditions of growth such as 
anaerobiosis. 

One of ordinary skill in the art would be motivated to do so since sustained hydrogen gas 
production through biosource is desirable as a clean energy source and is presently the focus of 
interest in the energy producing industry sector. The reference of Miura et al et al., and Ghirardi 
et al., establishes the conditions for growth of green algae and the role of sulfate permease gene 
in hydrogen gas production. The reference of Allen et al., teach the methods of altering the 
activity of sulfate permease genes through antisense cosuppresion technology. One of ordinary 
skill in the art would have had a reasonable expectation of success, because of the clear 
establishment of the growth conditions such as illumination and anaerobiosis by Miura et al et al, 
and the role of sulfate permease is elucidated by Ghirardi et al., and finally provision of methods 
to alter the activity of sulfate permease gene by Allen et al., to generate cells with reduced 
activity of sulfate permease gene. 

Therefore, the above references render Claim 1-8 prima facie obvious to one of ordinary 
skill in the art. 
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Claim 9 is rejected under 35 U.S.C. 103(a) as being unpatentable over Miura et al, (US 
Patent: 4,532, 2 1 0, issued Jul. 30, 1985), Allen et al., (US Patent: 6,696,292 Bl, issued Feb. 24, 
2004) and Ghirardi et al., (TIBTECH Vol.18: 506-51 1, 2000) as applied to claims 1-8 above, and 
further in view of Laudenbach et al., (J. BacterioL, 173 (9): 2739-2750, 1991). Claim 9 is drawn 
to a method wherein the algae is genetically modified by insertion of an antisense sequence to 
CrcSulP gene or sense strand of CrcSulP gene, wherein the antisense sequence hybridizes to a 
portion of SEQ ID NO: 2. Laudenbach et al., disclose a polynucleotide sequence of an algal 
sulfate permease gene wherein, said sequence can be used to generate antisense oligonucleotides 
to a portion of SEQ ID NO: 2 herein (see enclosed sequence alignments). 

Combining the teachings of the above cited references, it would have been obvious to 
those skilled in the art at the time of the instant invention to develop a method of down 
regulating the expression levels of sulfate permease gene in Chlamydomonas reinhardtii using 
the sequences provided by Laudenbach et al., to increase the hydrogen gas production in said 
alga. One of ordinary skill in the art would be motivated to do so since, the reference of Miura et 
al., {supra) teaches the method/process for producing hydrogen by culturing alga, 
Chlamydomonas reinhardtii under suitable conditions of illumination and microaerobic 
environment. Ghirardi et al., {supra) teaches the approaches that are being developed for algal 
hydrogen production, especially two-stage photosynthesis and hydrogen gas production in green 
algae, that when Chlamydomonas reinhardtii cultures are grown under conditions of 
anaerobiosis and sulfur deprivation they produce more hydrogen gas. Allen et al., {supra) teaches 
reducing the expression of sulfate permease using antisense technique. Laudenbach et al, teaches 
a polynucleotide sequence of an algal sulfate permease gene, said sequence can be used to 
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generate antisense oligonucleotides to a portion of SEQ ID NO: 2 either for disrupting the gene 
or for isolating and further engineering the Chlamydomonas reinhardtii sulfate permease by 
employing them as probes. One of ordinary skill in the art would have a reasonable expectation 
of success, because of the clear establishment of the fact by Ghirardi et ah, {supra) that the 
production of hydrogen gas production in green algae can be increased by depriving sulfate, i.e., 
sulfate permease activity. The reference also teaches that when Chlamydomonas reinhardtii 
cultures are grown under conditions of anaerobiosis and sulfur deprivation they produce more 
hydrogen gas. The cited reference states "sulfur deprivation is the key with which to alter the 
dynamic relationship between cellular processes of oxygenic photosynthesis, aerobic respiration, 
chlororespiration and hydrogen photoproduction". Furthermore, the reference also suggests that 
the combined application of selection and breeding by classical genetics and recombinant DNA 
technology, one would be able to increase hydrogen productivity in green algae. 

Therefore, the above references render Claim 9 depending therefrom prima facie obvious 
to one of ordinary skill in the art. 

Conclusion 

None of the claims are allowable. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Ganapathirama Raghu whose telephone number is 571-272-4533. 
The examiner can normally be reached on 8 am - 5 pm. If attempts to reach the examiner by 
telephone are unsuccessful, the examiner's supervisor, Ponnathapu Achutamurthy can be reached 
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on 571-272-0928. The fax phone number for the organization where this application or 
proceeding is assigned is 571-273-8300 for regular communications and for After Final 
communications. Any inquiry of a general nature or relating to the status of the application or 
proceeding should be directed to the receptionist whose telephone number is 571-272-1600. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



Ganapathirama Raghu, Ph.D. 
Patent Examiner 
Art Unit 1652 




ggfikHEMffH N. RAO, PH.D. 

HEMAHV EXAMINER 



March 22, 2006. 
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